An experiment was conducted to study the effect of day length, sex, and genotype (Ross × Ross 308 and 708) on mortality causes, bird mobility, footpad health, and ocular size, with 4 trials within the experiment. Four graded day lengths were chosen to allow the study of relationship between day length and health parameters, including 14L:10D, 17L:7D, 20L:4D, and 23L:1D. The primary statistical tools used to assess the day length relationships were regression analysis (Proc Reg and RSReg of SAS). Data were also analyzed as a 4 (lighting program) × 2 (sex) × 2 (genotype) factorial arrangement. Total mortality, as well as mortality due to metabolic and skeletal disease, decreased linearly with increasing inclusion of darkness (7-to 32-, 7-to 38-, and 7-to 48-d periods). Infectious disorders were quadratically related to day length (7to 48-d period only), with birds under 20L having the highest level. Day length was linearly or quadratically related to average gait score in a positive fashion, and the incidence of birds falling in painful gait score categories increased linearly with increasing day length. Average footpad lesion scores increased with increasing day length (28 and 35 d) . The 23L photoperiod resulted in heavier eye weights than other lighting programs. Males had a higher mortality and morbidity rate and a higher average gait score than females. Average footpad score was lower for males than females (28 and 35 d).
INTRODUCTION
There are many indicators of welfare in agricultural animals, but one of the most obvious is health. Therefore, a clear understanding of the impact of management practices such as lighting programs on bird health is an important aspect of welfare assessment. Photoperiod length or its reciprocal scotoperiod length have previously been shown to affect the incidence of broiler mortality and culling, with increasing broiler exposure to darkness reducing the incidence (Shah and Petersen, 2001; Abbas et al., 2008; Lewis et al., , 2010 . Although this effect on mortality has been predominant, the effect has not been consistent with some studies not finding a day length effect (Ingram et al., 2000; Lewis and Gous, 2007) . If an effect of lighting program on mortality is shown, the incidence of growth-associated causes such as sudden death syndrome (Manser, 1996; Brickett et al., 2007; Lewis et al., 2010) , ascites (Lott et al., 1996) , and skeletal disorders (Riddell and Classen, 1992; Renden et al., 1996; Knowles et al., 2008) are often most affected. Evidence of an impact of lighting program on infectious disease is also suggested by positive effects of darkness and melatonin on immune function (Abbas et al., 2008) , but the actual impact on infectious-caused mortality is not well defined.
Other indicators of health are bird mobility, foot pad lesions, and ocular characteristics. It has been demonstrated that adding darkness to a lighting program can improve walking ability in broiler flocks (Robbins et al., 1984; Classen and Riddell, 1989; Classen et al., 1991; Sanotra et al., 2002) and this corresponds well with the impact on mortality and culling due to skeletal disease noted above. The effect on foot pad lesions has not been commonly monitored in lighting research, but the limited data on this topic suggest that increasing darkness increases foot pad lesions, presumably because of increased contact of the foot pad with litter during the scotophase (Sørensen et al., 1999; Ferrante et al., 2006) . An increase in eye size has been associated with long day lengths and the most probable explanation is the reduction or elimination in the circadian rhythm of eye growth (Li and Howland, 2003; ).
The reasons for the reduced mortality and improved bird mobility associated with shorter day lengths have not been precisely defined, but several mechanisms have been proposed. The introduction of darkness in a broiler flock has been shown to reduce growth rate at least temporarily and this is thought to reduce the growthassociated diseases mentioned above. The reduction in growth that is most effective in improving health is during the early life of broilers (Robinson et al., 1992) . This is supported by research showing that broilers given shorter day lengths (14 and 17 h) grew more slowly to 31 d of age then those given 23 h of light, but were equal or heavier at later ages while having significantly less overall death loss (Schwean-Lardner et al., 2012b) . Another potential benefit of darkness is the change in bird metabolism that occurs during the dark period and the consequential rejuvenation of tissue (Lewis and Perry, 1986; Classen and Riddell, 1989; Classen and Riddell, 1990; Brickett et al., 2007) . Increased exercise that is associated with darkness addition may also positively influence skeletal health (Reiter and Bessei, 2009; Schwean-Lardner et al., 2012a) . Recently, research has demonstrated that despite being mostly inactive during the scotophase, birds raised on lighting programs with 14 and 17 h day lengths were more active over the 24 h day/night than those birds given 23 h of day length (Schwean-Lardner et al., 2012a) . The latter authors also suggested that the quality and quantity of sleep could be a contributing factor in production, behavior, and health responses seen in birds given near-constant light. This hypothesis is based on finding that broilers given near-constant light were lethargic, had reduced behavioral expression, and did not demonstrate synchronized flock rhythms in behavioral activity and melatonin output (Schwean-Lardner et al., 2010) found in birds exposed to longer dark periods.
Although research has been conducted on the comparison of specific lighting programs to constant or near-constant light, little research has studied cause of broiler mortality and other health criteria in response to varying day length. Therefore, the objective of this work was to examine the impact of graded levels of day length (14, 17, 20 , and 23 h) on these criteria. Use of these graded levels of day length allows the health criteria to be examined in a dose-response format. Aspects of this work have been published previously, including production (Schwean-Lardner et al., 2012b) and behavioral (Schwean-Lardner et al., 2012a) responses. This paper presents the cause of mortality and culls, gait score, foot pad health, and eye size data from this research.
MATERIALS AND METHODS
Permission has been granted for all experimental work by the University of Saskatchewan Animal Care Committee, with all procedures following the recommendations of the Canadian Council on Animal Care (1993) as listed in the Guide to the Care and Use of Experimental Animals.
One experiment, which included 4 trial repetitions (trials), was conducted to study the impact of day length, bird sex, and genotype on health parameters of broilers. Specific details of the experiment, including housing and management of birds, are included in Schwean-Lardner et al. (2012b) .
Lighting programs were initiated at 7 d of age. Prior to this time, birds were housed under 23L:1D with a light intensity of 20 lx. Experimental lighting programs were 14L:10D, 17L:7D, 20L:4D, and 23L:1D, with light provided by incandescent bulbs at an intensity of 10 lx. Darkness was provided in one section per day. Lighting programs remained in place until the end of the time period under study [31 or 32 d of age (d 32), 38 or 39 d of age (d 38), or 48 of age (d 48); Table 1 ].
In each of 4 trials included in the experiment, a total of 8 rooms were randomly allocated to 1 of the 4 lighting programs described above, allowing 2 room replications per lighting program per trial, and 8 room replications for the entire experiment. Within each of the rooms, genotypes (Ross × Ross 308 and Ross × Ross 708) and bird sexes were housed in small replicate pens. Removable penning within each of the rooms allowed 12 individual pens per room (2.3 × 2.0 m). Within trials 1 and 2, 12 pens were used, allowing for 3 replications of sex × genotype within each room. Within trials 3 and 4, only 8 pens were used, providing 2 replicate pens per sex × genotype. The remaining 4 pens were not used in the production research for trials 3 and 4. Because room was the experimental unit for lighting program, a total of 8 replications (4 trials with 2 rooms per lighting program per trial) were included. Wheat straw was used as bedding and was placed within the pens to a depth of approximately 7.5 to 10 cm. Trials 1 and 2 were performed in a clean litter environment, where the barn was emptied of previous litter, washed, and a disinfectant was used before new straw was placed. Trial 3 was performed with chicks being placed on the litter from the previous trial (second flock on litter or reused 1 time), whereas trial 4 included litter reused 2 times (third flock on litter).
Data Collection
Mortality and Culls. Dead and cull birds were recorded to assess the impact of day length, sex, and genotype (308 and 708) on cause of morbidity and mortality. Birds were monitored by barn staff twice per day, and birds that appeared ill (physical or behavioral symptoms) were culled. Although the decision for culling an ill bird was subjective, the primary reasons for culling were inability to move and loss of BW. Birds were killed by cervical dislocation by trained staff members. All mortality and culled birds were necropsied for cause of death or morbidity by an independent laboratory (Prairie Diagnostics Services, Western College of Veterinary Medicine, University of Saskatchewan). The data were then categorized into 1 of 5 groupings based on etiology. These were grouped according to ages, based on the market age of the flock. These included 7 d to 31 or 32 d of age (32 d; 4 trials providing 8 replicate rooms per lighting treatment, 7 d to 38 or 39 d of age (38 d; 4 trials providing 8 replicate rooms per lighting treatment, or 7 to 48 d of age (48 d; 2 trials providing 4 replicate rooms per lighting treatment). The categories included infectious disorders (arthritis, polyserositis, peritonitis, osteomyelitis), metabolic disorders (sudden death syndrome, ascites), skeletal disorders (valgus-varus, tibial dyschondroplasia, rotated tibia, spondylolisthesis), unknown causes, and a final other category, in which individual numbers were minor (pendulous crop, twisted gastrointestinal tract, accidental deaths).
Gait Score. Bird mobility was assessed subjectively by the same 2 observers using the technique published by Garner et al. (2002) . Data were collected in trial 1 at 35 d of age, trial 2 at 35 and 45 d, and trial 4 at 28 and 45 d. For all data collection times, 10 birds per replication pen (genotype × sex replication) were gait scored. Details on replication are given in Table 1 . Each time, individual birds were randomly selected, separat-ed from their pen-mates, walked down a straw-covered pathway, and scored by 2 gait score (GS) testers. Once a consensus was reached by the GS testers, the score was recorded. The technique consists of a 6-point system, where 0 represents no abnormality in gait, and 5 represents a complete loss of mobility. The data were expressed as an average GS, and as a percentage of birds falling within each category. Based on work by Danbury et al. (2000) , in which it was determined that pain was felt in the upper GS categories of 3 and over, the percentages falling in these categories were combined.
Footpad Dermatitis. The same birds tested for GS were also examined for footpad dermatitis using the technique of Ekstrand et al. (1998) . The footpad of the left foot was examined. A score of 0 represents a healthy footpad with no demarcation, whereas a score of 2 represents a severe lesion. The data were expressed as an average footpad score and as a percentage of birds falling within each score category.
Eye Size. Eye weight was obtained from a sample of birds within trial 3 (31 d) and 4 (46 d). Ten birds per lighting program × sex × genotype at each collection were weighed and then killed via cervical dislocation. The eyes were removed, adhering tissue was trimmed, and the 2 eyes were then weighed. The data were expressed as a total weight (g) and as a percentage of live weight.
Statistical Analyses
Statistics were performed using rooms as replicate units for lighting programs, and pens within rooms for genotype and sex analysis. Details on data collection and number of replications are listed in Table 1 . All percentage data were transformed to (log + 1) before analysis. As graded levels of light were chosen specifically to study relationships between the variables measured and day length, the primary statistical technique used was regression analysis [PROC REG (regression) and PROC RSREG (response surface regression) of SAS (SAS Institute Inc., Cary, NC]. For GS and foot pad lesion data, each age was tested independently because these data were not measured in all trials. Differences were considered significant when the probability of difference was less than or equal to 0.05.
Main effects of day length, sex and genotype, as well as interactions between sex, genotype and lighting, were analyzed using PROC GLM (General Linear Model) of SAS (SAS 9.1) as a 2 × 2 factorial nested within 4 lighting programs. When specific data were measured at the same age in more than one trial, trial was also used as a trial within the model.
RESULTS

Causes of Mortality and Morbidity
Day length had significant linear or quadratic (depending on age) effects on many of the causes of mortal-ity and morbidity (Table 2) . Over the 7-to 32-d period, a positive linear relationship with day length was noted for total mortality (P = 0.0006), and for metabolic (P = 0.0084) and skeletal (P = 0.0238) classifications. Extending the grow-out period (7 to 38 d) resulted in a similar positive linear response for total mortality (P = 0.0026) as well as metabolic (P = 0.0002), skeletal (P = 0.0041), and other (P = 0.0089) etiology. When the growth period is extended even further (7 to 48 d), day length affected all etiologies with the exception of the other category. Total mortality (P = 0.0008) and metabolic (P = 0.0242) and skeletal (P = 0.0065) categories were once again influenced in a linear fashion, with the highest mortality found in flocks exposed to the longest day length. Quadratic responses were noted for infectious mortality (highest level occurring in flocks raised with 20L, P = 0.0315) and for unknown causes (P = 0.0020), where the highest level was found with the use of a 14L lighting program, followed by 23L, suggesting the relationship was not strong or predictive.
GS
Gait scoring was used to assess bird mobility. The summarized data are shown in Table 3 , and a strong similarity was noted at all ages. The percentage of birds falling in 0 category follow either a linear (28 d, P = 0.0001; 45 d, P = 0.0002) or quadratic (35 d, P = 0.0030) trend with the highest percentage of birds with no noted abnormality (scoring 0) found under shorter day lengths. Relationships were also linear or quadratic in the 1, 2, and 3 categories with the exception of 45-d birds in category 1, with the highest percentage occurring under long day lengths. The percent of birds falling into the upper GS categories of 3+4+5 were affected in a linear (28 d, P = 0.0301; 35 d, P = 0.0001; 45 d, P = 0.0005) fashion regardless of the age, with the poorest mobility noted under 23L. Average GS was also affected with either linear (28 and 45 d, P = 0.0001) or quadratic (35 d, P = 0.0009) relationships.
Footpad Lesion Scores
The percentage of birds falling in the footpad lesion scores of 0, 1, 2, and the average score are shown in Table 4. When measured at 28 d (P = 0.0374) and 35 d (P = 0.0409) of age, the average footpad score increased linearly with day length, At 35 d, a linear relationship was noted in the percentage of birds with no footpad lesions (score 0), with birds raised under the 14L lighting program having the highest percentage of 0-scored birds (P = 0.0494). No relationship was noted at 45 d.
Ocular Weight
The relationship between eye weight and day length is shown in Table 5 . At 31 (P = 0.0001) and 46 d (P = 0.0033), eye weight increased in a quadratic fashion with day length. Closer examination of the data indicates that values are similar under 14, 17, and 20L, but that eye weight in birds raised with a 23L lighting program were significantly heavier.
Sex and Genotype
Differences in the causes of mortality were affected by sex and genotype ( Table 6 ). Regardless of the period examined, males were more susceptible to death from metabolic and skeletal diseases and had higher mortality overall than females. Females in the 7-to 32-d and 7-to 48-d periods had a higher level of mortality from diseases included in the other category than males. Overall mortality and mortality due to infection for all age groups were higher for the 308 than the 708 genotype. The proportion of birds classified as unknown (7 to 32 d, 7 to 38 d), other (7 to 32 d), and metabolic (7 to 48 d) mortality were also higher for the 308 genotype. Only one interaction between strain Table 3 . The effect of day length on the mean gait score, percentage of birds falling in gait score categories (as described by Garner et al., 2002) , and the total of categories 3+4+5 and sex was noted, and only in one period (7-to 48-d period), where more male 708 broilers died from diseases in the other category causes than their male 308 counterpart (0.99 versus 0%). The reverse was seen for females (708, 0.09%; 308, 0.59%). The incidence in all cases was less than 1%, so this may have been a chance occurrence rather than a true effect. Sex resulted in differences in mobility with females being more mobile than males (Table 7) . Mobility was affected by genotype sporadically, but differences were not found for all ages (Table 7) .
Only few interactions were noted between day length and other main effects. At 28 d of age, the percentage of birds falling into category 4 and those into 3+4+5 demonstrated a light × sex interaction (Table 7) , but similar interactions were not found at other ages. Simi-larly, day length resulted in increasing numbers of males in the 3+4+5 category (0, 1.56, 4.69, and 9.38% for 14, 17, 20, and 23L), whereas little impact was seen in the females (0, 3.13, 0, and 0% for 14, 17, 20, and 23L). At 35 d, genotypes reacted differently to lighting programs. In both cases, the significance results from a difference in magnitude only rather than a change in ranking. The frequency of birds falling in GS 2 was higher under long day lengths, but more so in the 708 birds (308: 1.88, 1.88, 1.88, and 3.33% for 14, 17, 20, and 23L; 708: 0.63, 1.25, 3.13, and 8.00% for 14, 17, 20, and 23L). Again higher percentages falling in the 3+4+5 category were noted in the long day length groups, but in this case, a higher level was found for the 308 (0, 0.63, 3.75, and 7.33% for 14, 17, 20, and 23L) in comparison with the 708 broilers (0, 0.63, 1.25, and 1.33% for 14, 17, 20, and 23L, respectively). Finally at 42 d, the average GS indicated that the sexes reacted differently within genotypes. The percentage of birds falling in the GS categories of 3+4+5 was higher for male 708 than for male 308 broilers (12.83 and 14.19% for 308 and 708, respectively), but in the females the ranking was opposite (6.41 and 5.30% for 308 and 708, respectively). The effect of sex and genotype on the incidence of foot pad lesions is shown in Table 8 . At 28 and 35 d of age, males had a lower mean score than did females, indicating less severe lesions. Although the trend was similar at 45 d, no significance was noted. Genotype differences were noted at all ages, with higher values for 308 than 708 broilers. At 28 d of age, an interaction was noted between sex and day length. The percentage of male birds falling into the most severe footpad lesion score of 2 increased in a linear fashion with day length (1.56, 3.13, 6.25, and 12.50% for 14, 17, 20, and 23L, respectively) . Females did not show a consistent effect due to lighting program, and the highest percentage was found under 17L (4.52, 9.38, 4.69, and 4.92% for 14, 17, 20, and 23L, respectively) .
Males had heavier eyes than females at both ages, but when corrected for BW there was no effect (Table  9 ). Percentage eye weight was higher for 708 than 308 birds, but absolute weights did not differ. A significant interaction between day length and genotype was noted for the 31-d proportional data. The data show that eye weight is similar for the 2 genotypes under 14L, 17L, and 20L, but that the 708 birds had heavier eyes under 23L (308: 0.20, 0.18, 0.18, and 0.21 for 14, 17, 20, and 23L, respectively; 708: 0.20, 0.20, 0.20, and 0.25% for 14, 17, 20, and 23L, respectively) . An interaction was also found for light × genotype in absolute eye weight at 46 d of age, but a lack of clear trend in the data suggest that this is due to chance variation.
DISCUSSION
Poor health is likely the most obvious signal of reduced welfare (Dawkins et al., 2004) . Although there have been many studies in the past comparing the impact of lighting programs on health status in broiler flocks, few have attempted to understand how much darkness is required to maximize health in a flock. Two such works were conducted by Gordon (1997) and . Gordon (1997) discussed the relationship between mortality and day length, but neither materials and methods nor actual data were included in the literature review, and therefore critical review is not possible. The report included a comparison of birds exposed to 8, 12, 16, or 20 h of light, and birds responded to liveability in a curvilinear manner, with long dark periods having the lowest mortality. , using 1 lighting treatment room replication (200 broilers per genotype per room), compared a range of day lengths including 2, 4, 6, 8, 10 (in trial 1 only), 12, 15, 18, 21, and 24 h in each of 2 trials. The results indicated that mortality increased with photoperiod length above 12 h, but no differences were found below 12 h of light per day. Relatively small bird numbers per group and low replication may have made differences difficult to find in measurements that typically have high variability between replicates. It is apparent from the current study that day length does have an important impact on the health parameters measured, which in turn alters broiler welfare. The use of graded day length treatments and appropriate replication in this work adds definition to the interpretation of these responses. In this work, the provision of darkness to broiler chickens improved overall liveability in a linear fashion. The largest impact was on incidence of metabolic disease [acute (sudden death syndrome) and chronic (ascites) heart failure with the former of predominant importance] and on skeletal health, which is in agreement with previous research (Robbins et al., 1984; Classen and Riddell, 1989; Classen et al., 1991) . Day length also affected incidence of infectious disease in older birds, and this may relate to the beneficial effects of darkness on immune function (Kliger et al., 2000) . Because of the low incidence of mortality falling in the unknown or other category, it is not possible to determine if day length has an impact.
Day length affected broiler mobility, with ability to move decreasing with increasing day length. A reduced ability to move as defined by GS can indicate a pathological or physiological condition that, depending on severity, can be a welfare concern. Danbury et al. (2000) fed analgesics to lame broilers in an attempt to determine if lameness caused pain, and found that birds in the GS categories of 3 or higher were in pain, and therefore a welfare concern. Regardless of the age measured, a positive linear relationship existed between day length and the percentage of birds in categories above 2. These results substantiate previous research, which has indicated that shorter day length (increased darkness) reduces the incidence of leg weakness (Classen and Riddell, 1989; Sanotra et al., 2002) . This finding is in close agreement with the response of observed mortality due to skeletal disease to changing day length. The similarity of these trends suggests that GS techniques, despite their subjective nature, accurately define leg weakness in broilers.
Rapid broiler growth rate associated with long day lengths is often implicated as the cause of increased mortality, particularly with regards to metabolic and skeletal disease. Data from the present research show that growth rate is not the only factor involved. Birds raised on 20L:4D were the heaviest at 32 d of age (Schwean-Lardner et al., 2012b), yet mortality was higher and mobility poorer in birds raised under 23L:1D. This in- dicates that lack of darkness itself affects these healthassociated factors rather than absolute growth rate always dictating the incidence levels and reducing welfare. At older ages, when birds appeared to better adapt to longer dark periods, market BW of birds exposed to 7 or even 10 h of darkness were as heavy or heavier than those of birds raised under 23L:1D, but again mortality rates were higher and bird mobility poorer under nearcontinuous light. These data support the concept that the timing of the rapid growth is important, with less detrimental impacts if rapid growth occurs later in life after a strong skeletal foundation has been established during early life. The shifts in broiler growth patterns associated with day length were described previously (Schwean-Lardner et al., 2012b) . Exercise is often cited as a reason why shorter day length and longer dark periods affect the incidence of broiler leg weakness and associated mortality. Data from an associated study (Schwean-Lardner et al., 2012a) used scan sampling techniques every 10 min over a 24-h period to accurately define behavioral differences associated with graded hour of day length. Exposure to darkness increased bird exercise (walking and standing) linearly when measured at 27 to 28 d, with little activity occurring under near-constant light. As birds aged, long day lengths still resulted in a reduction in bird exercise, but a quadratic relationship determined that behavior of birds under 7 and 10 h of darkness was similar. In all cases, 20 h of light produced intermediate results. Other behaviors followed similar trends, including time at the feeder, preening, dustbathing, and stretching.
In this work, the response pattern of mortality rates and incidence of leg weaknesses are similar to that seen in behavior, with mortality due to skeletal disease and percentage of birds falling in GS categories of 3+4+5 increasing linearly with day length over all time periods. Common trends observed support an exercisebased mechanism for improved health in broilers given increased darkness exposure. However, it is not clear how much exercise is required to reduce leg weakness, and an increase in total activity (exercise) over a 24-h period of time with shorter day length does not prove a cause-and-effect relationship. It is known that exercise can improve bone health (Goktepe et al., 2008) , but research on the impact of exercise on mortality and leg weakness in poultry has been conflicting. As an example, Balog et al. (1997) used ramps, toys, or both to increase exercise in 2 separate trials. Cumulative mortality was reduced by ramps leading to feeders in their second trial, but no impact was found in the first trial. In apparent contradiction, bone-breaking strength was increased in birds with ramps in trial 1 but not in trial 2, further demonstrating the inconsistency in results. Because skeletal health has a multifactorial basis, it is probable that exercise is only one of several factors capable of improving health and reducing leg weakness as a result of darkness exposure in broiler chickens.
Near-constant light caused birds to have heavier eyes than was found in birds raised with any other lighting program. The eye grows in a circadian fashion in response to fluctuation in melatonin production, with growth during the light period, and cessation during the dark (Rada and Wiechmann, 2006 ). When exposed to long periods of day length, this rhythm is disturbed and consequently results in heavier and distorted eyes (Li et al., 1995) . Our results are in agreement with research with turkey poults where exposure to both 24L:0D or 23L:1D resulted in heavier eyes than did exposure to photoperiods that included substantial dark periods. An accumulation of fluid in the eye results in the heavier weights, and could possibly increase intraocular pressure (Smith et al., 1969) . Long-term changes in eye weight can lead to thickening of the cornea, damage to the retina and other components of the eye, and cataract development (Li et al., 1995) . The potential for reduced vision and pain from increased ocular pressure would reduce bird welfare. A lack of a melatonin rhythm when birds are exposed to nearcontinuous light (Schwean-Lardner et al., 2010) supports the potential for increased eye weight of birds not given darkness exposure because of the disruption of eye growth rhythms. Our finding that birds given 4, 7, or 10 h darkness had identical eye weights suggests that as little as 4 h of darkness is enough to trigger the circadian eye growth pattern.
Footpad dermatitis is a skin lesion that occurs on the bottom of the foot. These lesions can result in bird discomfort and pain (Bradshaw et al., 2002) and are a welfare consideration. Research has shown that lighting programs have an inconsistent impact on the development of these lesions. Petek et al. (2010) compared birds on intermittent light with those on continuous light, and found no differences. Sørensen et al. (1999) compared birds raised on 8 to 16 h of light in one trial, and 16 to 21 h of light in another trial, and found footpad lesions to be less severe on long photoperiods when corrected for BW. In contrast, a linear increase in average lesion severity was seen with increasing day lengths in the current research.
Footpad dermatitis is affected by a variety of management factors, and light may only play a small role. Activity, for example, may improve litter quality as a result of more frequent turn-over, which in turn, reduces lesions (Kristensen et al., 2004) . There may also be less continuous contact of skin with litter when activity levels are higher, again resulting in a reduction in lesion severity. Although activity levels were not reported in the other research mentioned, another segment of this work (Schwean-Lardner et al., 2012a) did show a linear decline in activity with increasing daylight. Studies in rats suggest that skin integrity, specifically thickness, is affected by melatonin production (Eşrefoğlu et al., 2005) . If this is the case in poultry, litter irritation would cause more severe burns in thin-skinned birds compared with those with thicker skin as a result of increased melatonin secretion. To the authors' knowledge, this association has not been made in poultry. Schwean-Lardner et al. (2010) showed that the expected pattern of melatonin production is eliminated by long day lengths. Therefore, it could be that a combination of litter quality and skin integrity effects due to day length in this work resulted in the noted impact on lesions.
Sleep deprivation (SD) can have a large impact on health. For example, SD in rats as a result of repeated awakenings caused a variety of physical problems, including muscular weakness, foot pad lesions, a reduction in brain function, and a wide range of pathological diseases found on necropsy. In some cases, SD led to death (Rechtschaffen et al., 1983) . Evidence exists to link melatonin production and SD, and a lack of a melatonin rhythm can suppress sleep (Yamada et al., 1988) ; hence, the 2 are likely intertwined. Therefore, the impact on sleep and its patterns is a concern when discussing lighting programs (Blokhuis, 1983) , particularly in relationship to day and night rhythms. The degree of darkness required to provide adequate sleep is difficult to determine. Results from the present study suggest that birds exposed to 20L are achieving some degree of sleep, but not enough. This is indicated by only intermediate behavioral expression (Schwean-Lardner et al., 2012a) , a shorter and weaker melatonin rhythm (Schwean-Lardner et al., 2010) , and poorer health for birds exposed to 4 h darkness compared with those with longer dark periods.
Sex
Males had a higher incidence of mortality and were less mobile than females in this study. This is in agreement with previous research and is likely related to the growth-associated higher demands on skeletal (Sørensen et al., 1999) and metabolic systems (Peacock et al., 1990) in males than females. This is supported by an associated study that found that males grew faster and were heavier than females (Schwean-Lardner et al., 2012b) . Day length affected the causes of death in both sexes similarly. Males exhibited poorer mobility in general and had a higher percentage of birds falling in upper GS categories at 28 d. Males have stronger skin than females (Kafri et al., 1986) , and this could be reflected in less severe average footpad lesions.
Genotype
The 2 genotypes used in this work are quite diverse, with the 308 genotype growing quickly in contrast to the 708, which grows more slowly and has greater breast meat deposition. The faster-growing 308 birds had either significantly or numerically higher mortality levels overall, attributed to metabolic and infectious causes particularly over the 7-to 48-d period. It is important to note that both genotypes responded to the changes in day length in a similar manner. Average GS under the score of 1 for both strains at all time periods indicate good leg health and may be reflective of selection pressures placed on the genotypes by the primary breeder.
In conclusion, day length has a significant impact on many aspects of broiler health. By reducing the day length, the economics of broiler production can be improved, as mobile birds are better able to reach feeders and waterers, more birds are marketed, and condemnations and downgrading are reduced. Day length also affected pain due to leg weakness and liveability, with more darkness reducing the percentage of birds feeling pain. Therefore, the use of lighting programs with significant darkness will improve broiler welfare. Although the welfare implications are not fully understood, larger eye weight in birds raised under near-constant light is a concern. The data in the current study indicate that constant or near-constant lighting programs should not be used for broiler production. Although statistics show a linear nature in the response of the data in this work, it is interesting to note that mortality is similar or even higher under 14L than 17L, and this suggests that an appropriate length of darkness for maximizing broiler welfare based on health parameters alone approximates 7 h per day.
